Introduction: Few data are available on the risk of SAEs in corticosteroid users in IgAN populations. We describe the prevalence and risk factors of corticosteroid-related SAEs in a Chinese cohort.
I
gA nephropathy (IgAN) is a glomerulonephritis mediated by immune complexes. [1] [2] [3] IgAN is characterized by a highly variable course ranging from a totally benign incidental condition to rapidly progressive renal failure. However, most affected individuals develop chronic, slowly progressive renal injury, and many patients develop end-stage renal disease (ESRD). 4 Each year, about 1% to 2% of all patients with IgAN develop ESRD from the time of diagnosis. 5 About 15% to 20% of patients with apparent-onset IgAN develop ESRD within 10 years, and 30% to 40% within 20 years. [6] [7] [8] Lowering of blood pressure as well as inhibition of the renin-angiotensin system remains the cornerstone of IgAN management. However, a substantial number of patients progress to ESRD even with this regimen (especially those with persistent proteinuria).
The Kidney Disease Improving Global Outcomes (KDIGO) guidelines for the treatment of glomerulonephritis suggest that IgAN patients with a persistent proteinuria >1 g/d despite 3 to 6 months of optimized supportive care receive a 6-month course of corticosteroids. 9 Several small clinical trials have suggested the potential renoprotective capabilities of corticosteroids in IgAN. [10] [11] [12] One meta-analysis of 9 clinical trials suggested that 6-month corticosteroid therapy could reduce the prevalence of renal failure by 68%. 13 However, these trials comprised a small number of patients, and adverse outcomes (AEs) were poorly reported (especially serious adverse events [SAEs] with clinical relevance). The recently completed Therapeutic Evaluation of Steroids in IgA Nephropathy Global (TESTING) study (262 participants) found that this renoprotective benefit came at a high cost with regard to SAEs (clinicaltrials.gov no. 01560052).
14 Thus, the safety of corticosteroids in IgAN patients needs further evaluation. We evaluated the safety of corticosteroids and their risk factors in Chinese IgAN patients.
METHODS

Study Design and Participants
We reviewed the medical records of a large database of IgAN patients based at Peking University First Hospital. This cohort was established in 2003 and recruited patients mainly from northern China. A total of 1750 patients were registered from 2003 to 2014, and 1052 participants had follow-up data for $1 year or $3 times. The follow-up interval is generally scheduled at once a month thereafter for 3 months and then once every 3 to 6 months depending on patients' status or treating physician. Among them, 387 patients were screened for corticosteroid use, and 18 patients were excluded because corticosteroids had been used for less than 3 months. Thus, 1034 patients formed the study cohort. Among them, 369 patients (35.7%) received a single corticosteroid (n ¼ 150) or corticosteroids plus other immunosuppressive agents (n ¼ 219) for $3 months (Supplementary Figure S1) .
The study protocol was approved by the Ethics Committee of Peking University First Hospital (approval number 2016[1142]; Beijing, China). All participants provided written informed consent for the IgAN cohort study.
Treatment Protocol
We usually considered steroid therapy in patients with persistent proteinuria >1 g/d after supportive therapy for >3 months, which was consistent with current KDIGO guidelines. Patients with a relative amount of crescents on a kidney biopsy or nephrotic syndrome (with serum albumin <30 g/l) might consider adding corticosteroids directly, which was determined by the treating physician. Other immunosuppressive agents were considered if patients presented with crescentic IgAN (cyclophosphamide and mycophenolate mofetil), persistent nephrotic syndrome (tacrolimus, cyclosporine A, or leflunomide), or progressive decline in renal function (cyclophosphamide and mycophenolate mofetil) after corticosteroid therapy. Initially, patients used prednisone or prednisolone (0.8-1 mg/kg/d; maximum, 60 mg/d) for 2 months, which was tapered to 5 mg every 2 weeks and stopped within 6 to 8 months. Another regimen of steroid pulse therapy was bolus injections (i.v.) of methylprednisolone (500 mg) for 3 days each at 1, 3, and 5 months, followed by prednisone (30 mg, p.o.) on alternate days for 6 months. 12 The option of these 2 corticosteroid regimens depended on the physician and the patients' intention. All medications used during the study period were recorded. Baseline characteristics including age, sex, blood pressure, hemoglobin, albumin, triglyceride, total cholesterol, proteinuria, serum creatinine, and estimated glomerular filtration rate ([eGFR] 
Definition of SAEs
This was a retrospective study, and to minimize the selection bias, only patients with AEs necessitating hospitalization or treatment changes were considered as SAEs in the study. SAEs of interest were as follows: (i) all-cause mortality; (ii) severe infection necessitating hospitalization or fatal infection; (iii) osteonecrosis of the femoral head or bone fracture; (iv) gastrointestinal hemorrhage or gastrointestinal perforation; (v) newonset diabetes mellitus (DM); (vi) new-onset cataract; (vii) major cardiocerebral vascular disease (including fatal/nonfatal myocardial infarction, fatal/nonfatal stroke, and heart failure). All adverse effects were recorded according to the clinical diagnoses. The relationship between these SAEs was adjudicated by 2 investigators (QC, JL) to ascertain whether the AE was related to the study drug.
Statistical Analyses
Continuous variables are expressed as the mean and SD or median with 25th and 75th centiles (as appropriate) for data distribution. Categorical variables are summarized as frequencies with percentages. Significance of differences between groups was dependent on distribution of data (normal or nonnormal) and so was determined from the independent sample t test or Mann-Whitney test as appropriate (for comparison of continuous scores between 2 groups) and the chisquared test with continuity correction (for comparison of proportions between 2 groups). We analyzed relevant covariates that might associate with SAEs with multivariable logistic regression and reported odds ratios (ORs) with 95% confidence intervals (CIs) and P values of Wald c 2 test. Covariates included in the analysis were age, sex, mean arterial pressure, proteinuria, eGFR, and corticosteroid or corticosteroid plus immunosuppressant therapy. To evaluate cumulative corticosteroid dosages on the risk of SAEs, we used the propensity-score matching patients with and without SAEs using the following 6 potential confounders: age,
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sex, mean arterial pressure, proteinuria, eGFR, and corticosteroids plus immunosuppressant. A multivariable logistic regression was used to determine the probability of SAEs using these key covariates, which was used for matching. Participants were matched using a greedy method with a 1:1 pair. The caliper size was set at 0.025 Â SD of the logit of the propensity scores. The balance between 2 groups was checked by paired comparison tests of the baseline covariates. SPSS 19.0 (IBM, Armonk, NY) and STATA 11 (StataCorp, College Station, TX) were used for statistical analyses. P < 0.05 was considered significant.
RESULTS
A total of 1034 entered the study: 369 patients received corticosteroids or corticosteroids plus immunosuppressive agents. The mean blood pressure was 123 AE 16 mm Hg, proteinuria was 1.57 (0.82-3.03) g/24 h, and eGFR was 81 AE 31 ml/min per 1.73 m 2 at the baseline. Patients taking corticosteroids had higher blood pressure (125 AE 16 vs. 122 AE 16 mm Hg, P ¼ 0.006), had a greater level of proteinuria (3.0 [1.7-5.2] versus 1.1 [0.6-1.9] g/24 h, P < 0.001), and a lower eGFR (73 AE 33 vs. 86 AE 29 ml/min per 1.73 m 2 , P < 0.001). Among the corticosteroid group, 46 patients (12.5%) with 58 events had SAEs, whereas 18 (2.7%) in those not taking corticosteroids had a recorded SAE (Table 1) . Overall, corticosteroid therapy or corticosteroid plus other immunosuppressant therapy were associated with a 5.45-fold risk of AEs (OR: 5.45; 95% CI: 3.07-9.68; P < 0.001; corticosteroids alone: OR: 4.13; 95% CI: 1.97-8.67; P < 0.001; corticosteroids plus immunosuppressant: OR: 6.34; 95% CI: 3.43-11.72; P < 0.001) ( Table 2) . Another 2 independent risk factors to affect SAEs in IgAN patients were age (OR: 1.05; 95% CI: 1.03-1.07; P < 0.001) and blood pressure (OR: 1.03; 95% CI: 1.01-1.05; P ¼ 0.010).
SAEs were associated with 7 deaths (1.9%; 4 died of infection, 2 died of cardiovascular disease, 1 died of lymphoma), DM (n ¼ 19, 5.1%), severe infection necessitating hospitalization or fatal infection (n ¼ 18, 4.9%), osteonecrosis of the femoral head or bone fracture (n ¼ 6, 1.6%), cardiocerebral vascular disease (n ¼ 4, 1.1%), cataract (n ¼ 3, 0.8%), and gastrointestinal hemorrhage (n ¼ 1, 0.3%) ( Table 3 ). For DM, the median time (in months) was 3.5 (range 0.5-55.4), for severe infection was 3.8 (1.1-14.4), and for bone fracture or osteonecrosis was 22.4 (1.3-57.2) ( Figure 1 , Table 3 ).
Corticosteroid users with SAEs were much older (42 AE 13 vs. 33 AE 13 years, P < 0.001), had higher blood pressure (132 AE 16 vs. 124 AE 16 mm Hg, P ¼ 0.001), and had lower eGFR (60 AE 30 vs. 75 AE 33 ml/min per 1.73 m 2 , P ¼ 0.003) than those without SAEs (Table 4) . Proportions of SAEs in stages 1, 2, 3 and 4/5 of chronic renal disease were 6.9%, 12.0%, 15.5%, and 24.1% (P for trend ¼ 0.006), respectively. There were more SAEs in the corticosteroid plus immunosuppressant group than in the corticosteroidonly group (71.7% vs. 28.3%). Individual immunosuppressive agent on the risk of SAE was shown in Supplementary Table S1 . Multivariable logistic regression analyses revealed that advanced age (OR: 1.05; 95% CI: 1.02-1.07; P < 0.001) and hypertension (OR: 1.04; 95% CI: 1.01-1.06; P ¼ 0.009) were risk factors for corticosteroid-related SAEs (Table 5) . We also investigated the risk factors for severe infection. Among 18 severe-infection events, 4 patients died. Of those 18 patients, 14 (78%) received corticosteroids plus immunosuppressive agents, whereas 4 (22%) received corticosteroid-only therapy (Table 6 ). Among the corticosteroid plus immunosuppressant group, 14 patients (of 219, 6.4%) had a severe infection, compared with 4 patients (of 150, 2.7%) in the corticosteroid-only group, but it did not reach significance (OR: 2.77; 95% CI: 0.77-9.99; P ¼ 0.119). Multivariable logistic regression analyses demonstrated that impaired renal function (eGFR: OR: 0.98; 95% CI: 0.96-0.99; P ¼ 0.036) was strongly associated with the risk of severe infection (Table 5) .
To evaluate the cumulative corticosteroid dosage or duration on the risk of SAEs, a total of 44 pairs (1 SAE patient vs. 1 non-SAE patient) were successfully matched based on propensity scores. Baseline covariates before and after matching were shown in Supplementary  Table S2 . After matching, we accumulated the dosage of corticosteroids in each pair by the time from initial use of corticosteroids to SAE occurrence. As shown in Supplementary Table S3 , there was no difference between the 2 groups on the dosage of corticosteroids (P ¼ 0.274). In the comparison between patients with and without severe infection, there was also no difference (P ¼ 0.407). Univariate logistic regression did not find the accumulated dosages of corticosteroids to be a risk factor of SAEs in this cohort (OR: 1.09; 95% CI: 0.91-1.30; P ¼ 0.365). We also compared the proportion of SAEs between the low-dose steroids group (less than 40 mg/day, 5 of 38) and high-dose group (more than 40 mg/day, 41 of 331), and did not find a significant difference (P ¼ 0.800).
DISCUSSION
KDIGO guidelines for glomerulonephritis recommend a full-dosage corticosteroid regimen for patients with persistent proteinuria. However, safety data for corticosteroid use in IgAN are scarce. In this study we evaluated the safety of corticosteroids in 1034 patients. We found full-dosage steroids use was associated with high toxicity in this population. The absolute risk of severe adverse events was 12.5% mainly coming from DM (5.1%) and severe infection (4.9%). Relative risk of corticosteroid therapy for AEs was more than 5-fold than that for supportive therapy. This risk increased in patients who were older and had hypertension, whereas impaired kidney function was the strongest risk factor for severe infection. So corticosteroid use in this patient group should be prudent.
KDIGO guidelines suggest corticosteroid therapy in IgAN patients with persistent proteinuria, but this recommendation is based mainly on several clinical trials. [10] [11] [12] Previously, we evaluated the safety of corticosteroids in 245 patients with IgAN from 9 clinical trials. 13 SAEs occurred in 6.9% of patients (DM in 4 patients, hypertension in 12, and gastrointestinal . None of the clinical trials reported the incidence of infection even though this was a common AE. The large European Validation Study of the Oxford Classification of IgAN (VALIGA) study, a multicenter cohort study with European patients, supported benefits of steroids especially those with impaired kidney function, but it did not evaluate the safety of steroids. 16 Two recently completed large multicenter trials, the Supportive Versus Immunosuppressive Therapy of Progressive IgA nephropathy (STOP-IgAN) trial and the TESTING study, reported a high risk of severe infection. In the STOP-IgAN trial, 17 8 patients (of 82, 9.8%) had severe infection and 9 patients (of 82, 12.2%) had DM or impaired glucose tolerance in the corticosteroid group or corticosteroid plus immunosuppressant group. In a placebo-controlled trial to evaluate SAEs, the prevalence of infection, bone fractures, or DM in the methylprednisolone group increased by 4.95-fold. 18, 19 These safety data are in accordance with the findings from the present study. These results suggest future guidelines should balance the risk and benefits of a corticosteroid regimen in IgAN.
In this study, we did not found the cumulative steroid exposure was a risk factor of SAEs. The reason was that most patients used a similar full-dosage corticosteroid regimen that was consistent with current KDIGO guidelines in our center, and few patients (10%) used low-dose steroids. The ongoing international randomized control trial TESTING study (clinicaltrials.gov no. 01560052) evaluates the efficacy and safety of lower versus full-dosage steroids regimens in patients with IgAN. This trial will definitely answer the question of safety of different steroids exposure in IgAN. In the present study, 4 patients died from severe infection, 2 from cardiovascular disease, and 1 case from lymphoma, but none of the patients having supportive therapy died. Most cases of DM occurred within the first 6 months (during exposure to a high dosage regimen of corticosteroids). Often, severe infection occurred after 3 (median: 3.8) months, when the corticosteroid dosage had started to decrease, whereas bone fractures or osteonecrosis usually occurred after 6 months. In this study, we found older age and hypertension were risk factors for SAEs. Older age and hypertension were also associated with diabetes or cardiovascular diseases, which accounted for the main events of SAEs, in the general population. 20 Late occurrence of infection was also noted in patients with impaired renal function in another study, possibly due to a decrease in the number of lymphocytes in IgAN patients. 21 These findings will help clinicians monitoring patients with IgAN receiving corticosteroids.
The present study had two main limitations. First, this was a retrospective study, and most AEs were obtained from medical records. Hence, we cannot be sure that some AEs were not missed. Second, this was a single-center study with a selection bias. A large multicenter and prospective study is necessary to confirm our data.
A full-dosage corticosteroid regimen or a corticosteroid plus immunosuppressive agents regimen is associated with a high risk of AEs in IgAN patients, especially those who are older, have hypertension, or have impaired renal function. Current guidelines on corticosteroid regimens in IgAN should be reviewed with regard to safety. SUPPLEMENTARY MATERIAL Figure S1 . Identification method for eligible patients. Table S1 . Options and the total dosages on each type of nonsteroid immunosuppressant. Table S2 . Covariate balances before and after propensityscore matching. Table S3 . Total dosages of corticosteroids between SAE and non-SAE groups after propensity-score matching. Supplementary material is linked to the online version of the paper at www.kireports.org. 
